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Near-field measurement has been used for Inany
years to determine the far-field radiation patterns of
antennas with high accuracy [1]. In order to
accurately characterizet  hcradiation  performanceof
SeaWinds radar antenna at JPL, a cylindrical near-
field measurement facility has been dcvclopcd
(Figure 1). It is the objective of this paper to
present a cylindrical near-field calibration approach
with generalized measurement error models to
properly detm-mine  the effect of near-field bias
errors on antenna gain and far-field radiation
patterns, and to critically assess the importance of
different error mechanisms irl evaluating the
achievable accuracy in absolute gain and pattern
mcasuremcrrts.
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Abstract

A multipolarization,  multi-incidence angle conical
scanning Ku-banci  radar antenna is currently being
designed and calibrated at the Jet Propulsion
1,aboratory  (JP1.) for the SeaWinds Scattcrornctcr
instmnlcnt.  To calibrate the radar’s performance, it
is essential to accurately determine the antenna gain
and radiation pattern characteristics over wide
arlgu]ar range. Such characterizations may be
performed on a far-field range or in an indoor ncar-
frcld measurement facility. Among the advantage
of the latter is that the antenna is in a controlled
environment. This paper demonstrates the utility of
a cylindrical near-field measurement approach for
the SeaWinds radar antenna calibration. Both
generalized measurement error models arid
measured tests on a standard gain horn and NASA
Scatte.romcter  instrument antenna have been
performed to achieve and verify the dcsirccl
calibration accuracy. A comparison between far-
ficld measured data and those  obtained from
cylindrical near-field measurements was found in
cxcellcnt  agreement.

1. lntrorluction

Rcccnt spaceborne scatteromctcr-s  demand very
high quality performance from radar antennas. 1 ‘or
example, a recently designed J})l lNASA SeaWir~ds
space.bonle  scatteromcter  for global mapping of
dynamic change of ocean circulation requires
accurate knowledge of antenna gain, wide-angle
antenna patterns, pointing, and bcamwidth. ‘l’he

antenna assembled on this instrument is an elliptical
parabolic reflector with two inclcpcndent  beams
pointing at 40 and 46 degrees from nadir to provide
a cross track measurement range of 900 km. The
inner beam (40 degrees from nadir) is a horizontal
polarization, 11-pol, with 1.6 x 1.8 degrees
beamwidth in elevation and azimuth plane
respectively. The outer beam (46 degrees from
nadir) is a vertical polarization,  V-pol, with 1.4 x 1.7
degrees bcamwidth. l’he instrument operates at
Ku-band. 13.402 GHz,.

The following is a description of the cylindrical
near-field measurement set up at J PI,, error analysis
technique, a verification of the calibration accuracy
with the use of standard gain horn rneasuremcrrt  in
the cylindrical near-field at 13.402  (3117, with those



measured at National Institute of Standard and
Technology (NISI’) in the far-field range, and the
SeaWinds radar antenna comparative performance
with those measured in the far-field range.

2. Cylindrical Near-Field Measurement
lmplcmcntation

‘J’he cylindrical near-field measurement facility at
J])] + shown in Figure 1, is implemented such that
the sampling orthomode probe steps along the
vertical direction (3.8 meter long) and the antenna
under test rotates in azimuth. The sampling probe
nmasures  the amplitude and phase tangential
electric field components on a cylindrical surface
enclosing the test antenna as illustrated in I;igure 2.
An IU; switch at the input of the sampling probe is
used to switch between the electric fr~ld
components. In order to maintain the relative ratio
bctwccn the measured field components, the
inse]~ion loss difference, amplitude and phase, of
the l<l; switch is determined. This difference is
corrected at the front panel of SA 1795 receiver.
‘l”he antenna uncler test is then optically aligned to
the probe coot-dinate  system. Probe compensation
is used to correct for the probe’s radiation
characteristics [2] including probe antenna gain,
pattcrlls  ancl input reflection coefficients. l’hc

insertion loss between the antenna under  test and
the probe,  normally taken at the peak of the near-
frcld on the scanning cylindrical surface, is
dctcrlnincd. l’hc absolute antenna gain and far-
ficld radiation patterns are then obtained via ncar-
ficld  to far-field transformation [2-4] .

3. Ihror  Analysis

l“here arc two types of bias errors in near-field
antenna calibration: electrical and mechanical. ‘1’hc
electrical errors are dominated by the probc-
antenna under test interaction, scan area t runcat  iol t,
receiver nonlinearity and drift, and probe gain and
relative patterns. The mechanical emors, which
may also induce bias errors in the calculated far-
field radia(ion  patterns, arc mainly probe position
with respect to the center of the rotation of the

antenna as it steps along the z-direction, probe
orientation, and antenna under test alignment.

Probe tower alignment is critical to the prediction
of the antenna pointing accuracy. Misalignment
causes a pattern shift that is proportional to the
slope of the tower. For example, it has been
demonstrated with computer simulation that a 0.02-
degrec pointing error in elevation necessitates a
probe-position alignment to better 1/16 wavelength.

Multiple reflections between the probe and the
antenna wi II great 1 y affect antenna gain and relative
pattern accuracy. Figure 3 depicts the deviations in
far-field patterns computed from near-field data
measured on successive cylindrical near-field
surfaces separated by l/4. Near-field truncation
along the Y.-direction will greatly affect the sidelobc
level and angular location in the computed far field
radiation patterns in elevation plane [4]. A near-
ficld truncation error in the azimuth direction will
deter our ability to predict the backlobe far-field
patterns in that direction. It has been observed that
the pattern accuracy deteriorates rapidly in azimuth,
starting at an angle coinciding with the truncated
angular near-field region. Accurate knowledge of
the radial sepal-ation  distance, ro, between the ALJ’I’
and the phase center of the probe is important to
predict antenna gain and relative patterns. Figure 4
describes the relative change of antenna gain vs.
radial error.

4. Standard Gain horn Antenna Results

A staridard gain horn, SG}I, model  12-12, has
been employed to verify the cylindrical near-field
measurement setup and accuracy. The SGll was
measured in the cylindrical near-field rarlge at
SeaWinds radar antenna operating frequency
13.402 CJI Iz.. I;ar-field  patterns and antenna gain
were then computed. A comparison between the
SGI1 antenna gain measured at NIST using a
general iz.ed  three antenna measurement techniques
[5] at the same frequency and t})ose measured in the
above described approach shows an cxccllcnt
agl-ecmcmt  (within O. 18 dIl difference) as sl~own in
l’able  1.



Table 1, Comparison between SGII antenna gain
measured at NIST and gain measured at JPL

I;urthermore,  a comparison between direct far-
ficld pat~crn measurement of the S(W at JPL’s
NXDfoot range and those constructed from
cylindrical near-field measurement is shown in
I;igurc 5. As can be seen, the results are in very
good agreement down to 40 dFl from the peak of the
beam. It is worthwhile to note here that the 3000-
foot far-field range has a limited dynamic range of
40 d}J. This is evident in the far-field patterns
shown in Figure 5 at an amplitude level  below 40
dB from the peak.

5. ScaWincIs  Radar Antenna Results

I’hc Seawinds  radar antenna horizontal  and
vertical polarization were measured in the
cylindrical near-field range. The radar antenna
performance parameters were then compared to
those obtained in the JPL ‘s WOO-foot range.
l~igur-e  6 and 7 depict the radiation patterns of the
antenna horizontal polarization in the elevation and
ay.imuth  plane respectively. It is seen that the
results are in w-y  good agreement. Similarly, the
vertical polari?,ation  of the SeaWirlds  radar antenna
was measured and compared to the results obtained
in the direct far-field measurement in the elevation
and azimuth plane as shown in Figure 8 and 9
respectively.
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l(igure 1. ScaWinds radar Ar]tcnlla mounted in
cylindrical near-field range facility at the JPI,.
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Figure  2. (a) Cylindrical near-field configuration and
(b~ probe coordinate system.

Figure 3. l’ypical far-field pattern error variation
due to near-field multiple reflection between
probe and antenna under test.
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Figure 4. ‘1’ypical  far-field pattern error variation due
to lack of accurate knowledge of separation distance
between antenna under test and phase center
location.
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Figure  5. Comparison of standarcl  gain horn far-
fkld  pattern obtained from cylindrical near-field
measurement and direct far-flelcl  mcasumment.
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I:igure 6. Comparison of H-pol  SeaWinds radar antenna
elevation plane far-field pattern obtained from cylindrical
near-field measurement and direct far-field pattern
nwawrrement.
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I~igure 8. Comparison of V-pol SeaWinds radar antenna
elevation plancfar-frcld pattern obtained from cylindrical
near-field measurement and direct far-field pattern
nlcasuremrmt.
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I~igure7.  Comparison of H-pol SeaWinds radar antenna
aT.inwth plane far-field pattern obtained from cylindrical
near-field nlcasurement  and direct far-field pattern
nwasurcment.
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}:i.gurc 9. Comparison of V-pol  SeaWincls  radar antenna
aT.inwth plane far-field pattern obtained from cylindrical
near-field measurcrncnt  and direcl far-field pattern
measurement.


